v-During the years 1974 through 1981, 22 patients with cerebellopontine angle meninglomas underwent surgery: 14 tumors were excised completely, and eight subtotally. A retromastoid approach was used in 19 cases and a subtemporal approach in three cases. There was no operative mortality and the quality of survival was good. Five patients suffered new cranial nerve deficits as a result of the operation. The average follow-up period was 5 years. One tumor thought to be completely removed has recurred, but has not required another operation so far. One subtotally excised tumor required reoperation. Computerized tomography and arteriography were important in preoperative evaluation. Good neuroanesthesia, the use of the surgical microscope and microtechnique, and an understanding of the pathological relationships were factors contributing to good results.
A
LTHOUGH most meningiomas are benign, operations for posterior fossa meningiomas remain a challenge to the neurosurgeon because of the location of these tumors and their frequent entanglement with critical neural and vascular structures. The results of operative resection of these tumors have been less than optimal in almost all series reported to date. However, with the use of the operating microscope combined with an understanding of the pathological relationships, a higher percentage of these tumors can be resected completely with minimal morbidity. This paper reviews the clinical features, operative findings, and the follow-up results in a series of 22 patients with cerebellopontine angle (CPA) meningiomas operated on at the University of Pittsburgh Hospitals.
Clinical Material and Methods
Twenty-two patients underwent operations for CPA meningiomas during the years 1974 through 1981. All patient records, operative photographs, and videotapes were reviewed. A follow-up review was obtained in all cases by clinical examination supplemented by computerized tomography (CT).
Clinical Features
The patient population consisted of 19 women and three men, ranging in age from 29 to 75 years (median 54 years). The most common presenting complaint was facial pain or numbness (11 patients) . The preponderance of facial dysfunction as a presenting symptom is perhaps due to our special interest in the treatment of facial pain disorders. The other common presenting complaints were hearing loss or tinnitus (seven patients), headache (eight patients), and dysequilibrium (four patients). The presenting features are summarized in Table 1 . It is evident that cranial nerve and cerebellar symptoms and signs are most prominent.
Diagnostic Studies
Plain skull roentgenograms, cerebral angiography, and CT were used to investigate most of the patients with CPA meningiomas. Posterior fossa myelography and pneumoencephalography were occasionally employed. Plain skull films showed erosion of the petrous apex in two patients and hyperostosis of the petrous ridge in five. These films did not reveal any calcification or widening of the internal auditory canal, changes that have been reported by others. '9 Eight patients had changes referable to chronic intracranial hypertension. Computerized tomography, the single most important investigative tool, showed the location and size of the tumor, the degree of distortion of the brain stem and cerebellum, and the extent of hydrocephalus. With the aid of coronal images, we were also able to delineate Although a number of factors help to distinguish meningiomas from acoustic neuromas on the basis of CT, ~~ the correct diagnosis was not made preoperatively in four patients. Vertebral angiography was performed in all cases and demonstrated the relationship of the basilar, superior cerebellar, anterior, and posterior inferior cerebellar arteries to the tumor, information most useful at operation. Carotid angiography was performed in 18 patients. An enlarged meningohypophyseal trunk supplying the tumor was seen in eight patients, and an enlarged posterior branch of the middle meningeal artery in two. A tumor stain in the capillary and venous phase was present in 14 cases. Other authors have also reported a blood supply to these tumors from the meningeal branch of the vertebral artery or the 
Operative Technique
The lesions were classified as small (< 1 cm in diameter), medium (1 to 2.5 cm), or large (> 2.5 cm). Most of the tumors that we operated on were large (Table 2 ). Preoperative ventriculoperitoneal shunts were placed in only two patients, although all patients with large tumors had ventricular enlargement.
A retromastoid approach was used to resect the tumor in 19 patients (Fig. 1) . All of these operations were performed with the patient in the semi-sitting (lounging) position with the neck stretched, flexed, and turned 30* toward the operative side, and the head secured in a pin-fixation head holder. Doppler monitoring was used for detection of air embolism, and a right atrial catheter was placed in all patients for aspiration of air. The craniectomy was usually performed up to the transverse sinus superiorly, the sigmoid sinus laterally, and down to, but not including, the foramen magnum inferiody. If necessary, the sigmoid sinus was completely unroofed and retracted forward with dural sutures to provide a more direct approach to the tumor with less retraction of the cerebellum. The steps in the operation after the dural opening included draining the lateral cerebellomedullary cistern and gently retracting the cerebellum.
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After the seventh through the 11 th cranial nerves and the anterior and posterior inferior cerebellar arteries were identified, we progressively debulked the tumor. Pituitary forceps, a suction-irrigation system, curettes, and bipolar forceps were used for tumor removal. Softer tumors were easier to remove than firm and fibrous tumors. The trigeminal nerve was usually reached after some tumor debulking and was often intimately involved with the tumor. The trochlear and the abducens nerves and the basilar artery usually lay at the medial and superior reaches of the tumor and were seen toward the end of the tumor resection. The facial and acoustic nerves were usually posterior to the tumor, but inferior, superior, and anterior relationships were occasionally found. The glossopharyngeal and the vagus cranial nerves were usually pushed caudally by the tumor when there was contact (Table 3) . Using the retromastoid approach, we completely resected the tumor and cauterized the tumor base (without radical dural excision) in 12 patients and accomplished subtotal resection in seven patients. Two patients had a two-stage tumor resection because they developed bradycardia and hypotension during the first operation when the tumor was separated from the brain stem. The two operations were separated by 2 and 4 weeks.
A subtemporal approach was used for tumor resection in three patients (Fig. 2) . Total tumor resection with cautery of the base was accomplished in two patients and subtotal resection in one. The details of this approach for tumor resection have been described by Ya~argil, et aL 22 Three tumors were attached to the petrous ridge behind the porous acusticus, and 19 were attached in front of it. The tumors' attachment extended to the clival area in eight cases and the medial tentorial notch area in five cases. Tumors attached to the tentorial notch area often extended into Meckel's cave, the cavernous sinus, and the extradural part of the middle cranial fossa. Adherence of the tumor to the brain stem, upward extension through the tentorial notch, and extension into the extradural space were the most common reasons for incomplete resection. However, the site of tumor attachment did not appear to influence the postoperative results. The age and general condition of the patient influenced the aggressiveness of tumor resection.
Operative Results
All patients were followed with serial clinical examinations and CT scans. A patient's condition was classified as good if the patient was free of major neurological deficits and had returned to his previous work, fair if the patient was independent but had not returned to work, and poor if the patient was dependent for dayto-day activities. The quality of survival is tabulated in Table 4 . The mean follow-up period was 5 years for patients who had complete resection. In this group, there has been one small (< 1 cm) asymptomatic recur- rence, not requiring reoperation to date. In patients who underwent subtotal resection, the mean follow-up period was 4 years. One of these patients has required reoperation ( Table 5 ). All eight patients with trigeminal neuralgia were completely relieved of their pain. In this series there were no new cases of trigeminal neuralgia after operation in contrast to the experience of Ya~argil, el al. 22 The three patients with hemifacial spasm were also completely relieved. Five patients suffered new cranial nerve deficits as a result of the operation. Permanent paralysis of the facial and acoustic nerve occurred in two patients, and mild paresis of the facial nerve occurred in two other patients. One patient had permanent numbness in the maxillary nerve distribution, and five others had temporary facial numbness.
One patient suffered a delayed facial palsy ("Bell's palsy") 14 several days after the operation; this complication was not associated with a postoperative hematoma, and its cause is unclear. The palsy resolved, leaving a mild residual weakness. Two patients had transient weakness of the ninth and tenth nerves with depressed gag reflex and poor palatal elevation. One patient developed postoperative pneumonia that resolved with antibiotic therapy and pulmonary toilet.
Discussion
The first report of a petrous ridge meningioma was by Rokitansky in 1855. 22 In 1928, Cushing successfully removed a small meningioma from the cerebellopontine angle with excellent results. However, his other six operative cases did less well, and in 1938, he wrote that "in the long run (except one case), these patients have a gloomy prognosis with an average postoperative survival of only twenty months. "2 Since then, several authors have reported series of posterior fossa meningiomas. It can be seen from Table 6 that these tumors are formidable lesions. Most series have a high proportion of subtotal or incomplete resection, and the operative mortality is high .1'2'5'6'9'12'13'15'22 The results of Ya~argil, et al., 2z are the best to date, with 30 tumors totally excised and no operative mortality. Our series has a number of subtotal resections (eight out of 22), but there was no operative mortality, minimal morbidity, and good quality of survival.
The difficulties in classifying posterior fossa meninglomas have to be taken into consideration when different series in the literature are compared. Castellano and Ruggiero, t reporting Olivecrona's series, were the first to classify posterior fossa meninglomas on the basis of their dural attachment into cerebellar convexity, tentorial, petrous ridge, clivus, foramen magnum, and fourth ventricular (tela choroidea) tumors. However, the site of attachment of these tumors often extends from one area into another. For instance, large CPA meningiomas commonly extend into the clival and the tentorial regions. Thus, some tumors that Ya~argil, et al. ,22 classified as clival meningiomas, we have classified as CPA meningiomas. This is an important consideration in comparing series of CPA meningiomas, since clival tumors carry a higher morbidity with excision and are less frequently excised totally. The higher percentage of total resections of CPA meningiomas in Ya~argll's series is perhaps due to this difference in classification. 22 Another important point is that some lesions that we initially considered to be completely removed have recurred, as seen on a 5-year follow-up CT scan. Ours is the only series to date that has applied a CT criterion for recurrence on follow-up review.
Of CPA tumors, acoustic neuromas comprise 70% to 80%, meningiomas 6% to 8%, and epidermoid tumors 4% to 5%; the remainder being comprised of multiple other lesions. An exact preoperative diagnosis should be attempted and is usually possible on the basis of clinical features and radiological studies. Acoustic neuromas and, occasionally, giant vertebrobasilar aneurysms may be mistaken for meningiomas. Acoustic neuromas are more common in men, in contrast to CPA meningiomas, which are predominant in women. Hearing is impaired with both meningiomas and acoustic neuromas, but it is affected more in the latter as shown by lower speech discrimination scores. Meningiomas infrequently involve labyrinthine function; they cause trigeminal neuralgia and facial numbness more frequently than do acoustic neuromas.
Plain skull roentgenograms have been reported to show changes in 50% of patients with CPA meningiomas but are generally of little value in their evaluation. On tomography of the petrous bone, a widened internal auditory canal usually indicates an acoustic neuroma. Meningiomas can occasionally produce widening, but such widening is shaped differently and is usually associated with destruction of the adjacent petrous bone. Widening of the jugular foramen, petrous bone sclerosis, and exostosis may also be seen with CPA meningiomasJ 9 On CT scans, CPA meningiomas may be distinguished from acoustic neuromas by the following features: size (more often greater than 35 cu cm), increased attenuation on nonenhanced scans, presence of calcification or hyperostosis or destruction of the petrous bone, an oval rather than circular shape, apparently broader attachment to bone, absence of widened porus acusticus, and more frequent extension above the tentorial notchJ ~ A low-density area around the lesion due to edema or loculated fluid may be present in both.
Coronal sections are useful to define the relationship of the tumor to the tentorium and are also invaluable in planning the operative approach to these lesions. Although arteriography is no longer necessary for diagnosing these lesions, we believe that it is essential to define the relationships of vascular structures and the blood supply to the tumor. Frequently, CPA meningiomas elevate the posterior cerebral and the superior cerebeilar arteries. The relationship of these tumors with the anterior and posterior inferior cerebellar arteries is variable. The basilar artery may be displaced or surrounded by tumors extending to the clivus.
In considering operative approaches to CPA meningiomas, anterior approaches to the posterior fossa, such as transcervical clival, transoral clival, transsphenoidal clival, and the transbasal, are unsuitable since meningiomas are mostly intradural. 3'~''~7 The three major intradural approaches that have been used are the frontotemporal Syivian, the subtemporal, and the retromastoid technique. The frontotemporal Sylvian approach developed by Ya~argil is similar to that used for tumors of the anterior and middle cranial fossa. 22 The splitting of the Sylvian fissure, the retraction of the temporal lobe, and the division of the tentorium facilitate entrance into the posterior cranial fossa for tumor resection. The advantage of this approach is that resection of a CPA tumor can be combined with resection of the middle fossa extension. The basilar artery and the third, fourth, and fifth cranial nerves are often visualized superficial to the tumor and thus are more easily preserved. Disadvantages include the necessity of working at a great-depth through a very narrow space, the visualization of the seventh and eighth cranial nerves only after the bulk of the tumor resection is completed, and the inability to go lower in the posterior fossa than the seventh and eighth nerve complex.
The subtemporal approach involves a temporal craniotomy and retraction of the temporal lobe to approach the tentorial notch. From this point, the exposure obtained of the tumor, the blood vessels, and the cranial nerves is similar to that achieved with the frontotem-poral Sylvian approach. However, the neurosurgeon is working in a wider space and at less depth. With this approach, temporal lobe retraction is the greatest cause of morbidity with resultant postoperative swelling, seizures, and hemiparesis. Injury to the vein of Labb6 can accentuate the problems. Intraoperative monitoring of the retraction pressure and the evoked responses from the retracted brain may help to prevent retractioninduced injury.
The lateral suboccipital or retromastoid approach is our favored approach to CPA meningiomas. Because the cisterns can be drained early, the cerebellum can be retracted with less pressure and morbidity. The lower cranial nerves can be identified early and preserved more easily. 7'8 However, the exposure of the tumor in the tentorial notch, and of the upper basilar artery, the third cranial nerve, and the midbrain is much better with the subtemporal approach. Therefore, the subtemporal and retromastoid approaches may have to be combined at the same or subsequent stages to effect total tumor resection.
Postoperative radiation therapy is recommended for angioblastic and malignant meningiomas. The value of radiation therapy for incompletely removed benign tumors is controversial. However, many authors have reported favorable results with such treatment.16'2~
Early diagnosis with CT scanning and the use of microtechnique have improved the outlook for patients with CPA meningiomas during the last decade. Laser surgery may improve the outlook even more. In the future, our efforts should be directed toward reducing retraction-related injuries, developing methods to remove tumor in the extradural areas and the cavernous sinus, 4 and applying techniques of cranial nerve and vascular reconstruction to reduce the morbidity of total resection.
